Objectives: Racial/ethnic differences in palliative care resource use after stroke have been recognized, but it is unclear whether patient or hospital characteristics drive this disparity. We sought to determine whether palliative care use after intracerebral hemorrhage and ischemic stroke differs between hospitals serving varying proportions of minority patients. Design: Population-based cross-sectional study. hospitals"], or > 50% minorities ["minority hospitals"]). Logistic regression was used to evaluate the association between race/ ethnicity and palliative care use within and between the different hospital strata. Stroke patients receiving care in minority hospitals had lower odds of palliative care compared with those treated in white hospitals, regardless of individual patient race/ethnicity (adjusted odds ratio, 0.65; 95% CI, 0.50-0.84 for intracerebral hemorrhage and odds ratio, 0.62; 95% CI, 0.50-0.77 for ischemic stroke). Ethnic minorities had a lower likelihood of receiving palliative care compared with whites in any hospital stratum, but the odds of palliative care for both white and minority intracerebral hemorrhage patients was lower in minority compared with white hospitals (odds ratio, 0.66; 95% CI, 0.50-0.87 for white and odds ratio, 0.64; 95% CI, 0.46-0.88 for minority patients). Similar results were observed in ischemic stroke. Conclusions: The odds of receiving palliative care for both white and minority stroke patients is lower in minority compared with white hospitals, suggesting system-level factors as a major contributor to explain race disparities in palliative care use after stroke. (Crit Care Med 2017; 45:2046-2054) Key Words: cerebral hemorrhage; healthcare disparities; minority health; palliative care; stroke I ntracerebral hemorrhage (ICH) and ischemic stroke are leading causes of mortality, with case fatality rates as high as 50% (1) (2) (3) . Withdrawal of life-sustaining treatment is common after both ICH and ischemic stroke (4, 5) , and access to palliative and end-of-life care has been recognized as an important component of high-quality stroke care (6, 7) .
Ethnic minority stroke patients have lower utilization rates of palliative care services compared with their white counterparts (5, (8) (9) (10) . Previous studies on race/ethnic disparities in the use of palliative care services have largely focused on individuallevel racial and ethnic differences in knowledge (11, 12) , cultural and spiritual beliefs (13, 14) , communication barriers (15) , and treatment preferences (16-18); however, system-level contributions to racial/ethnic differences in palliative care utilization after stroke have been insufficiently explored (6).
Some hospitals, especially those located in urban neighborhoods, serve a substantially higher proportion of minority patients and may differ from hospitals serving predominantly white populations in their organizational structure, availability of equipment and specialists, and funding (19, 20) . Betweenhospital variation in the use of end-of-life care after stroke results in substantial variability of early "Do Not Resucitate" (DNR) orders ranging from 0% in some, and up to 70% in other, hospitals (21) (22) (23) . It is presently unclear whether the racial makeup of the patient population in a given hospital, an example of a system-level hospital characteristic, contributes to racial/ethnic differences in palliative care use after stroke.
In order to disentangle the contributions of individual patient race versus hospital racial composition as determinants of race disparities in palliative care use after stroke, we sought to ascertain whether palliative care use differs between hospitals serving varying proportions of minority patients. Similarly, we aimed to explore whether patient level use of palliative care differs between and within hospitals serving varying proportions of minority patients.
METHODS

Data Source
Data were obtained from the Nationwide Inpatient Sample (NIS), part of the Healthcare Cost and Utilization Project, sponsored by the Agency for Healthcare Research and Quality (24) . The NIS is the largest all-payer inpatient database in the United States, representing a 20% stratified sample of all admissions to nonfederal U.S. hospitals. All diagnoses and procedures are recorded using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. Because NIS data contain no personal identifying information, this study was exempt from institutional review board approval.
Case Selection
We identified adult cases with a primary diagnosis of nontraumatic ICH by using ICD-9-CM code 431 between 2007 and 2011. We excluded cases with a secondary ICD-9-CM code for arteriovenous malformation, traumatic brain injury, malignant brain tumor, and those undergoing aneurysm clipping and coiling to restrict our population to those with primary ICH. Only admissions to hospitals with at least 10 annual ICH cases were included (Supplemental Fig. 1 (25, 26) . Admissions to hospitals with fewer than 50 annual ischemic stroke cases were excluded (Supplemental Fig. 2 , Supplemental Digital Content 2, http://links.lww.com/CCM/C935; legend, Supplemental Digital Content 7, http://links.lww.com/CCM/C940).
The unit of observation in NIS is discharge after hospitalization. In order to prevent double counting of transferred patients who may have multiple acute care inpatient records pertaining to the same stroke event, cases transferred to another hospital were excluded; cases transferred in from another hospital were included. We also excluded patients enrolled in a clinical trial (ICD-9-CM code V70.7). This algorithm has been shown to identify acute ischemic stroke with high sensitivity and specificity (27) (28) (29) . Cases with missing information on race/ethnicity, sex, and age were excluded for the primary analysis; however, sensitivity analysis after multiple imputation of missing values of the race variable was performed.
Primary Exposures, Hospital Strata, and Outcome of Interest
The primary exposures of interest were self-identified ethnic minority race and hospitals serving varying proportions of minority patients with ICH and ischemic stroke. Among stroke admissions, we compared differences in palliative care use among, and by patient race within, hospitals serving predominantly white or predominantly ethnic minority patients. In order to determine patient racial composition as a system-level hospital characteristic of palliative care use after stroke, hospitals were stratified into three groups based on the proportion of minority patients: hospitals serving predominantly white stroke patients (< 25% minority patients; "white hospitals"), hospitals serving both minority and white stroke patients (25-50% minority patients, "mixed hospitals"); and hospitals serving predominantly minority stroke patients (> 50% minority patients; "minority hospitals"), as has been described previously (30, 31) .
The outcome of interest was use of palliative care resources as identified by ICD-9-CM code V66.7. This code identifies documented use of palliative care measures (32), irrespective of the delivery mode (i.e., via a palliative care consultation service or integrated into routine clinical practice by the care team). The Coding Clinic first addressed the code V66.7 in 1996, and in 1998, the Coding Clinic (32) provided additional clarification regarding the use of code V66.7 (Vol. 15, No. 1, p. 11): "Terms such as comfort care, end-of-life care, and hospice care are all synonymous with palliative care and these, or similar terms, need to be written in the record to support the use of code V66.7. The physician should be queried if the treatment record seems to indicate that palliative care is being given but the documentation is unclear. The care provided must be aimed only at relieving pain and discomfort for the palliative care code to be applicable" (32) . Further clarification regarding the incorporation of palliative care codes by several national healthcare databases has been described by Cassel et al (33) . ICD-9-CM code V66.7 has previously been shown to accurately identify palliative care services in stroke patients with 81% sensitivity and 97% specificity (5).
Comorbidity and Severity Adjustment
We calculated the Charlson Comorbidity Index, a weighted score of 17 different comorbidities validated for outcome adjustment for analyses of administrative datasets using ICD-9-CM codes (34, 35) , for each patient. Case severity was determined using the All Patient Refined Diagnosis-Related Groups (APR-DRGs), a four-point ordinal scale (minor, moderate, major, and extreme risk of mortality) derived from age, primary and secondary diagnoses, and procedures. The APR-DRG algorithm is a validated and reliable indicator of mortality and is commonly used as a severity indicator in studies relating to stroke (35, 36) .
Statistical Analysis
Clinical and hospital-level characteristics in the different hospital strata were compared using Pearson chi-square test for categorical variables and Kruskal-Wallis tests for continuous variables. Multivariable logistic regression was performed to determine the association of palliative care use with hospital strata and race differences within strata of minority versus white hospitals. Models were adjusted for age, hospital characteristics (teaching status, bed size, location, region, and annual volume of stroke cases), discharge quarter, weekend admission, modified Charlson Comorbidity Index, APR-DRG severity subclass, insurance status, median household income per patient's ZIP code, hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, peripheral vascular disease, congestive heart failure, atrial fibrillation, valvular disease, anemia, thrombocytopenia, coagulopathy, alcohol abuse, drug abuse, and chronic kidney disease. Our models also included hospitalacquired complications, such as sepsis, gastrointestinal bleeding, pneumonia, urinary tract infection, deep vein thrombosis, dysphagia, and pulmonary embolism. In addition, we adjusted for mechanical ventilation, gastrostomy, tracheostomy, craniotomy/craniectomy, and cerebral angiography as measures of intensity of care. Models for ICH were additionally adjusted for placement of an external ventricular drain, and models for ischemic stroke were adjusted for IV thrombolysis. We used a generalized estimation equations approach to account for clustering of patients within hospitals. In order to reduce potential bias as a result of missing data for race, we performed sensitivity analyses after multiple imputation by chained equations in order to impute missing values of the race variable. Statistical analysis was performed using STATA version 13 (Stata Statistical Software: Release 13, College Station, TX). A p value of less than 0.05 was considered statistically significant, and 95% CIs are reported.
RESULTS
Patient Characteristics
A total of 46,735 ICH cases and 331,521 ischemic stroke cases met inclusion criteria (Supplemental Fig. 1 Table 1 .
Among all ICH patients, 10.6% received palliative care, whereas 3.2% of patients with ischemic stroke received palliative care services. Inpatient mortality rates were 71.5% and 48.7% for ICH and ischemic stroke, respectively, among palliative care users, and inpatient mortality rates were 21.1% and 3.7% for ICH and ischemic stroke, respectively, among patients who did not receive palliative care. The discharge disposition in the palliative care versus nonpalliative care users is presented in Supplemental Table 1 (Supplemental Digital Content 3, http://links.lww.com/CCM/C936). ICH and ischemic stroke patients who received palliative care and who were discharged alive were older than those who died in the hospital, were less likely to be treated at teaching and high case volume hospitals, and had lower APR-DRG risk of mortality compared to palliative care users with in-hospital deaths (Supplemental Table 2 , Supplemental Digital Content 4, http://links.lww.com/ CCM/C937).
Palliative Care Use Is Lower in Hospitals With a High Proportion of Minority Patients
Among hospitals included for ICH analysis, the median rate of palliative care use in white hospitals was 8.5 (interquartile range [IQR], 1.3-17.4) per 100 ICH admissions, whereas in mixed and minority hospitals, the median palliative care use rates were 6.3 (IQR, 0-14.1) and 2.5 (IQR, 0-11.0) per 100 ICH admissions, respectively (p < 0.001). Among hospitals included for analysis of ischemic stroke, the median palliative care use rate in white hospitals was 2.2 (IQR, 0.3-5.1) per 100 ischemic stroke admissions, whereas the median rates of palliative care use in mixed and minority hospitals were 1.5 (IQR. 0-4.4) and 0.5 (IQR, 0-2.4) per 100 admissions, respectively (p < 0.001).
Patient-level palliative care use rates among ICH and ischemic stroke cases were lower in mixed and minority hospitals, compared with white hospitals ( Table 2) . In adjusted models, the odds of palliative care use among ICH cases were lower in mixed (odds ratio [OR], 0.87; 95% CI, 0.70-1.07) and minority hospitals (OR, 0.65; 95% CI, 0.50-0.84) ( Table 2) , compared with white hospitals (p for trend 0.001). Similarly, among ischemic stroke admissions, the adjusted odds of palliative care were lower in mixed (OR, 0.93; 95% CI, 0.79-1.10) ( Table 2) and minority hospitals (OR, 0.62; 95% CI, 0.50-0.77), compared with white hospitals (p for trend < 0.001). Individual patient race was adjusted for in the analyses, suggesting that a stroke patient at a minority hospital has lower odds of receiving palliative care than a patient at a white hospital, regardless of individual patient race/ethnicity. To confirm these findings and to reduce the potential bias from discharge data with missing information on race, we repeated the analysis after multiple imputation of the missing values for race; the results were materially unchanged (Supplemental Table 3 
Individual and System Contributions to Racial/Ethnic Differences in Palliative Care Use
We investigated the odds of palliative care among minorities versus whites within and between the three hospital strata (Fig. 1) ( Table 3) . Compared with white ICH and ischemic stroke patients, ethnic minorities had significantly lower odds of palliative care use in any hospital strata (Fig. 1) . White and minority patients both had lower odds of receiving palliative care in mixed and minority compared with white hospitals (Table 3) : white ICH patients had 34% lower odds of palliative care when receiving care in minority compared with white hospitals (OR, 0.66; 95% CI, 0.50-0.86); minority ICH patients treated in minority hospitals had significantly lower odds of palliative care use when compared with minority patients cared for in white hospitals (OR, 0.64; 95% CI, 0.46-0.88) ( Table 3) (Fig. 1) . Similarly, among patients with ischemic stroke, the odds of receiving palliative care were lower in minority compared with white hospitals for either patient group (OR, 0.63; 95% CI, 0.49-0.80 comparing minority vs white hospitals among whites and OR, 0.66; 95% CI, 0.51-0.85 comparing minority vs white hospitals among minorities) ( Table 3) (Fig. 1) . Sensitivity analysis after multiple imputation of missing values for race showed similar results ( Supplemental Fig. 3 , Supplemental Digital Content 6, http://links.lww.com/CCM/C939; legend, Supplemental Digital Content 7, http://links.lww.com/CCM/C940).
DISCUSSION
In the present study, we investigated differences in palliative care use among hospitals serving varying proportions of ethnic minority patients after ischemic stroke and ICH. We found that palliative care resources are underused in hospitals serving predominantly ethnic minority stroke patients. Patient-level racial/ethnic differences in the use of palliative care remained within each hospital strata; however, palliative care use for either racial/ethnic group was lower in minority compared with white hospitals.
Factors contributing to racial/ethnic disparities in the use of palliative care resources are not well understood. Prior studies have largely focused on individual-level barriers to palliative care use in ethnic minority patients, including lack of knowledge about palliative care (11, 12) , presence of spiritual and religious beliefs in conflict with goals of palliative care (13, 17) , mistrust in the health system (14, 37) , and greater preference for life-sustaining therapies, regardless of prognosis (16, 18, 38) . These individual-level determinants may in part explain the observed within-hospital racial disparities; however, they are insufficient to explain differences in palliative care use between minority and white hospitals, that is, they do not explain why palliative care use for any patient race/ethnic group is lower in minority compared with white hospitals. System-level differences contributing to differences in palliative care utilization after stroke have been described previously, including variation by hospital location, region, size, and teaching status (5, 8) ; however, these hospital characteristics were included in our models and are therefore unlikely to explain the observed between-hospital differences in our study. Similarly, our models included annual hospital stroke case volume, individual patient comorbidities, insurance status, and common medical complications including hospital-acquired infections and mechanical Models were adjusted for age, sex, race/ethnicity, hospital characteristics (teaching status, bed size, location, region, and annual volume of stroke cases), discharge quarter, weekend admission, modified Charlson Comorbidity Index, All Patient Refined Diagnosis-Related Group severity subclass, insurance status, median household income per patient's ZIP code, hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, peripheral vascular disease, congestive heart failure, atrial fibrillation, valvular disease, anemia, thrombocytopenia, coagulopathy, cancer, alcohol abuse, drug abuse, chronic kidney disease, pneumonia, urinary tract infection, sepsis, gastrointestinal bleeding, deep vein thrombosis, pulmonary embolism, dysphagia, craniotomy/craniectomy, cerebral angiography, gastrostomy, mechanical ventilation, and tracheostomy. Models for intracerebral hemorrhage were additionally adjusted for placement of an external ventricular drain, and models for ischemic stroke were adjusted for IV thrombolysis. ventilation. Structural differences, including specialists on staff, resource availabilities, and local hospital culture, may contribute to differences in the utilization or availability of palliative care in minority compared with white hospitals (19) . Given the wide range of availability of palliative care services across U.S. hospitals (39) , hospitals predominantly serving ethnic minorities may lack palliative care specialists and resources dedicated to palliative care services. This might be particularly relevant considering that hospitals serving predominantly minority patients are commonly underfunded, understaffed, and located in medically underserved areas (40, 41) . ICD-9 code V66.7 captures palliative care irrespective of how it was integrated into each hospital system, whether through a palliative care consultation service or incorporated into routine clinical practice by the care team itself. Therefore, local practice patterns and hospital "culture" regarding palliative care resource use or availability may differ in minority compared with white hospitals. Although the exact underlying causes for between-hospital variability in existing practice patterns cannot be determined from this study, it is possible that the preference of a majority of patients in a given hospital may influence the practice approach for all patients within that hospital (42) . Thus, the preference of ethnic minority patients at minority hospitals to pursue aggressive life-sustaining treatments and interventions rather than palliative care services may in turn influence the counseling practices of the treating physicians and the overall practice pattern within those hospitals. Our study is limited by the potential for miscoded data in an administrative dataset reliant on ICD-9-CM coding; however, it is unlikely that there is differential miscoding of diagnoses or procedures by race. Although ICD-9-CM code V66.7 identifies palliative care services use with high sensitivity and specificity (5), there is a possibility of under-reporting or undercoding patients who actually received palliative care. Furthermore, NIS does not collect information on the trigger, timing, and mode of palliative care delivery. Although there is no a priori reason to expect a change in the distribution of use and availability of palliative care, it should be recognized that data were collected from 2007 to 2011 when palliative care services and knowledge were nascent relative to now. In addition, use of the code V66.7 as a process measure of palliative care use is limited in that it does not capture the quality or the impact of the actual care delivered. Although race/ethnicity is typically self-reported, it is possible that information captured in the race variable is not entirely accurate. We attempted to mitigate the absence of clinical and physiologic stroke data in NIS, such as lack of hematoma/stroke volume, NIH Stroke Scale, and Glasgow Coma Scale, by adjusting all models for the Charlson Comorbiditity Index, a validated measure of patient comorbidities in stroke (35, 43) , as well as medical complications. Since NIS lacks information on individual patient or provider decision-making, we were unable to directly investigate the contribution of implicit bias, provider attitudes, and individual patient preference to the observed racial/ethnic differences in palliative care resource use. Finally, although the ICD-9 code V66.7 is broadly defined for coding purposes, it is possible that the code captured predominantly those patients with comfort measures or withdrawal of care accounting for higher mortality in the palliative care group. However, we found that nearly 45% of combined ICH and ischemic stroke patients who received palliative care were discharged alive. Similarly, just under 20% of all patients who received palliative care were discharged to a noncomfort focused destination (home/self-care, rehab facility, or home health). Patients receiving palliative care who were discharged alive had lower APR-DRG risk of mortality, and in the case of ischemic stroke patients, lower mechanical ventilation rates compared with the mortality group that received palliative care. This suggests that these patients were perceived as less likely to die early (i.e., in-hospital death) and that palliative care use was not purely applied as a DNR order.
Despite these limitations, our data suggest that racial/ethnic differences in palliative care utilization and availability after stroke are explained by both individual as well as hospital-level factors. Future studies may determine the underlying drivers of the observed differences resulting in decreased palliative care use and availability in minority hospitals. Our study highlights that mere focus on individual-level determinants of care delivery and usage, such as individual preferences, is insufficient in fully understanding racial/ethnic differences in palliative care use after stroke.
CONCLUSIONS
Ethnic minority patients had lower palliative care use after both ischemic and hemorrhagic stroke compared with whites in any hospital strata. Palliative care use was lower in minority compared with white hospitals regardless of individual patient race, that is, white patients and minority patients alike had lower odds of palliative care use in hospitals caring for predominantly minority patients compared with hospitals that treat predominantly white patients. Thus, clustering of ethnic minority stroke patients at relatively few hospitals with low overall palliative care administration may contribute to the overall lower rates of palliative care use in minority compared with white patients. Our data suggest that race differences in the use of palliative care may in part be explained by hospital racial composition, and future attempts to mitigate racial disparities in palliative care utilization and availability may be most effective by increasing use at hospitals serving predominantly minority patients.
